Past literature suggests that Certificate of Need (CON) regulations for cardiac care were ineffective in improving quality, but less is known about the effect of CON on patient costs. We analyzed Medicare data for 1991-2002 to test whether states that dropped CON experienced changes in costs or reimbursements for coronary artery bypass graft (CABG) surgery or percutaneous coronary interventions. We found that states that dropped CON experienced lower costs per patient for CABG but not for percutaneous coronary intervention. Average Medicare reimbursement was lower for both procedures in states that dropped CON. The cost savings from removing CON regulations slightly exceed the total fixed costs of new CABG facilities that entered after deregulation. Assuming continued cost savings past 2002, the savings from deregulating CABG surgery outweigh the fixed costs of new entry. Thus, CON regulations for CABG may not be justified in terms of either improving quality or controlling cost growth.
Introduction
Policy makers and researchers have debated the merits and disadvantages of state Certificate of Need (CON) programs for many years. In 1974, federal law authorized funding for CON programs, which were adopted to curb needless duplication of services and consequent excess capacity (Conover & Sloan, 1998) . Providers in states that did not implement a CON program were ineligible to receive funds under the Public Health Service Act for the development, expansion, or support of health resources. The federal law supporting CON expired in 1986, leading many states to discontinue their CON programs. Yet 34 states retained CON for at least one service in 2010 (American Health Planning Association, 2010) .
The debate over CON regulations for open heart surgery and cardiac catheterization has been particularly contentious, because acute cardiac care is viewed as highly profitable (Pallarito, 1998; Swartz, 2004) . Currently 25 states maintain CON regulations for open heart surgery, and 26 states regulate percutaneous coronary intervention (PCI). Past research found that states that dropped cardiac CON regulations in the late 1990s experienced a 15.2% increase in the number of hospitals performing coronary artery bypass graft surgery (CABG) and a 12.1% rise in the number of hospitals performing PCIs (Ho, Ku-Goto, & Jollis, 2009 ). More than half of this increased entry occurred in the year that CON regulations were removed and 1 year after. The higher hospital entry rates prevailed for as many as 5 years after the removal of these regulations. However, the total number of procedures statewide was unaffected by the removal of CON, so that average procedure volume per hospital fell.
These findings regarding the redistribution of cardiac care among hospitals after the removal of CON regulations, along with other past research, can be used to construct a conceptual framework for understanding how CON regulations might influence the costs and quality of cardiac care. Given that past studies have found that hospitals performing higher numbers of complex procedures have better outcomes (Halm, Lee, & Chassin, 2002) , many were concerned that lower average procedure volume resulting from cardiac CON removal would lead to worse outcomes for patients. However, two recent studies find no evidence that CON regulations are associated with better patient outcomes for CABG, and one of these studies reaches the same conclusion for PCI (Cutler, Huckman, & Kolstad, 2010; Ho et al., 2009 ). These findings suggest that CON regulations may only be justified if they effectively control cost growth, or improve quality in a manner not captured by mortality statistics. Increased competition associated with the removal of CON regulations may influence both the costs and quality of cardiac care. More competition in the market for patients with acute myocardial infarction has been associated with higher quality and lower costs per patient (Kessler, 2007) . Greater competition from removal of CON laws may have raised quality by lowering postsurgical complications, which are costly to remedy (Dimick et al., 2004) . New competition after cardiac CON removal may also have led providers to deliver care at lower costs, in an effort to charge lower prices that would attract more patients. Although the previous statement suggests that CON removal would encourage adoption of lower cost technologies, it is also possible that added competition may have caused hospitals to adopt more advanced and costly technologies in a medical arms race (Devers, Brewster, & Casalino, 2003) . Broader studies of CON regulations suggest that the laws have slowed the diffusion of some costly medical technologies, but not all (Conover & Sloan, 1998) .
While the effects of increased competition on the marginal costs of patient treatment are ambiguous, fixed costs are unambiguously higher with the entry of additional hospitals to the cardiac care market after CON removal. The fixed costs of opening a new cardiac surgery program have been estimated to be $12 to $14 million, and the costs for a new cardiac catheterization laboratory that is required to perform PCI is approximately $2.7 million (Huckman, 2006; Robinson, Nash, Moxey, & O'Connor, 2001) . In addition, if there are economies of scale in the provision of CABG or PCI, then the decline in average hospital volume after deregulation could raise costs per patient.
We currently lack knowledge on the relationship between CON regulations and unit patient costs. Most prior studies have examined the association between CON regulations and hospital spending for all patients, not just those receiving cardiac care. Two of these studies concluded that the regulations have been ineffective in controlling growth in hospital spending (Conover & Sloan, 1998; Lanning, Morrisey, & Oshfedlt, 1991) , although a more recent study suggests that CON regulations may have reduced expenditures by 2% (Hellinger, 2009) . However, these studies examined hospital expenditures or health care expenditures per capita, that is, total expenditures in a state divided by the state's population. Thus, these studies did not distinguish between changes in average cost per procedure performed versus changes in the number of patients in the state receiving treatment. For example, costs per patient treated may have been lower in states with CON laws, but this cost savings could be masked if states with CON laws also treated more patients. A more detailed study of the removal of CON regulations for nursing homes found no association between CON repeal and either Medicaid nursing home expenditures or utilization (Grabowski, Ohsfeldt, & Morrisey, 2003) .
Another prior study specifically examined the association between cardiac CON regulations and per patient costs for CABG and PCI (Ho, 2007) . This study concluded that CON lowered patient costs, because hospitals in CON states treated more cardiac patients, and higher patient volume was associated with lower mean costs. However, this study mixed cost changes for states that dropped CON in the mid-1980s with those of states that dropped cardiac CON regulations more than 10 years afterward. If technology for cardiac surgery has improved over time, then the blending of cost changes that resulted after CON removal, but along different points of the technology continuum, may yield misleading results.
This study tests whether states that dropped CON between 1995 and 1998 experienced a change in average costs or reimbursements for providing CABG or PCI to Medicare patients. We focus specifically on cardiac care to reduce heterogeneity in patient case-mix when examining the relationship between regulation and resource utilization. Cardiac care is worthy of attention, given that 1.3 million PCI procedures and 253,000 CABG operations were performed in 2006, and coronary heart disease hospital costs reached $56.6 billion in 2010 (Lloyd-Jones et al., 2010) .
We examine cost changes in terms of both hospitals' reported costs and Medicare reimbursements, which reflect the cost to the taxpayer of treatments provided to the elderly. This article compares states' experiences before versus after removal of cardiac CON regulations. We compare trends in costs and reimbursements per cardiac patient for states that dropped CON, with states that maintained CON throughout the sample period. In doing so, we are better able to control for changes in resource utilization, which are contemporaneous with the removal of CON, but unrelated to the regulations. The cost per patient treated could be influenced by a volume-cost effect, changes in costs resulting from greater competition, or changes in quality associated with CON that influence costs. We attempt to examine each of these hypotheses.
The results have important implications for regulators, who seek to determine the advantages and disadvantages of CON regulation. By examining both the changes in unit costs of cardiac care and the fixed costs of these procedures, we can determine whether the CON regulations increase or decrease the total costs of patient treatment.
New Contribution
This study compares the experience of states that lifted cardiac CON regulations in the mid-1990s to those that maintained CON, providing the most rigorous examination to date of the cost implications of CON. Unlike previous studies, we are also able to evaluate the aggregate cost implications of cardiac CON, taking into account both direct patient costs and the fixed costs of building new facilities. The results can be combined with previous literature on the association between cardiac CON regulations and patient outcomes, to make policy recommendations regarding whether cardiac CON programs should be maintained or discontinued.
Method
We obtained data for Medicare beneficiaries aged 65 years and older who received CABG surgery or PCI (including stents) between 1991 and 2002 from the Center for Medicare and Medicaid Services MedPAR files. The specific ICD-9-CM codes for these procedures were defined previously (Ho et al., 2009 ). If multiple admissions for CABG or PCI occurred, all admits are included in the sample. Patients were counted once for both PCI and CABG if they received both during a hospital stay, but multiple occurrences of the same type of revascularization during the same hospital stay were not counted.
We use these data to estimate regressions of the following general form:
where Cost ijt is the average cost per stay for patient i in hospital j in year t. Regressions with average reimbursement per patient stay as the dependent variable are also estimated. Patient costs were estimated by multiplying total charges in the MedPAR claims by hospital-and year-specific cost-to-charge ratios derived from Medicare cost reports. The hospital cost-to-charge ratio was calculated excluding outpatient service cost centers. Reimbursement was estimated by summing the Medicare diagnosisrelated group (DRG) price (including patient co-payments and deductibles), any outlier payments, and the "pass-through" amount. The pass-through amount compensates hospitals for capital-related costs, direct medical education costs, bad debt, and kidney acquisition costs if applicable. Costs and reimbursements were adjusted to reflect 2002 dollars using the all-urban consumer price index. Patients were excluded from the analysis sample (a) if their estimated costs were less than $1,000 or greater than $500,000, (b) if the reported DRG prices exceeded $200,000 and the outlier amount equaled 0, (c) if the reported reimbursement was lower than $1,000, or (d) if the reported charge was less than the reported outlier amount. All these criteria were assumed to reflect coding errors, except for costs exceeding $500,000. We do not have sufficient data to model these extremely high-cost patients.
The explanatory variable of interest CON dropped it is whether the patient is treated in a period after the removal of state CON regulations for cardiac care. CON dropped it is set equal to 1 in the year when CON regulations are lifted in a state and in all subsequent years. The variable takes a value of 0 in years prior to the removal of CON and for all years in states that maintained CON regulations through 2002. Information on CON status for open-heart surgery and PCI were obtained from a survey of state health departments by the American Health Planning Agency that was described previously (Ho, Ross, Nallamothu, & Krumholz, 2007) . Seven states (Delaware, North Dakota, Nebraska, Nevada, Ohio, Oregon, and Pennsylvania) dropped CON for open-heart surgery during the sample period, and they did so in a narrow time period (1995) (1996) (1997) (1998) . Six of these states simultaneously dropped CON for cardiac catheterization.
States were generally considering the removal of CON regulations in this period, because of evidence that CON was unsuccessful in controlling aggregate cost growth, combined with the view that managed care growth was more effective in controlling overutilization (Conover & Sloan, 1998; Maruca, 1997) . This sentiment was conveyed in a report commissioned by the Delaware General Assembly prior to its removal of CON regulation in 1996 (Cost Containment Committee for the Delaware Health Care Commission, 1996) . Pennsylvania dropped its CON more by accident, when its legislative session ended before the state Senate finished making adjustments to the program's reauthorization bill (Moore, 1997) . We were unable to locate any reports documenting reasons that other states removed cardiac CON rules in this time period.
To control for possible economies of scale in the performance of complex procedures, the number of CABG or PCI procedures performed by the admitting hospital during the year the patient was treated (Volume jt ) was included as an explanatory variable in the patient-level regressions. We excluded patients treated in hospitals with less than three procedures a year because of miscoding concerns.
Several variables X ijt were included in the patient-level regressions for risk adjustment, including sex, age, race, estimated median household income based on income by zip code in the U.S. Census, comorbidities, indicators for acute myocardial infarction at admission, transfer or urgent/emergent cases, and CABG-and PCI-specific treatments (e.g., cardiac catheterization or PCI on the same data as CABG). Detailed definitions of these variables have been provided previously (Ho et al., 2009) .
A number of hospital-and market-level variables Z ijt are also included in the regressions. The percentage of the population with managed care insurance in the patient's county of residence is included as an explanatory variable, because higher managed care penetration has been associated with lower costs (Chernew, Hirth, Sonnad, Ermann, & Fendrick, 1998) . These data were drawn from the annual Health Maintenance Organization (HMO) Census conducted by Health Leaders-Interstudy. A Herfindahl index of market concentration based on the sum of the market shares squared for each hospital performing either CABG or PCI in the patient's hospital referral region is included to account for the possible association between market competition and costs (Kessler & McClellan, 2000) . Previous studies have also defined markets based on hospital referral regions (Carey, Burgess, & Young, 2009 ). The regressions include a relative measure of hospital wages, because labor costs comprise a large portion of overall costs. The natural log of the Center for Medicare and Medicaid Services inpatient prospective payment wage index for each hospital and year is used. This wage index varies by core-based statistical areas defined by the Office of Management and Budget. To allow for the possibility that hospitals that enter the market after CON regulations are lifted may have costs that differ from those of incumbents, an indicator variable for entrants is included in the regressions. The regressions include year fixed effects (τ t ), state fixed effects (θ s ), and a patient-specific error term ε ijt . We also test whether any observed variations in health events during hospitalization are consistent with our findings regarding the relationship between CON regulations and costs. We examine length of stay for CABG and PCI hospitalizations, as well as recognized complications for these operations in the literature. The complications for CABG surgery are atrial fibrillation, cardiac arrest, renal failure, and stroke (Speir, Kasirajan, Barnett, & Fonner, 2009; Tarakji, Sabik, Bhudia, Batizy, & Blackstone, 2011) . The necessity of performing CABG after hospitalization for PCI is viewed as a complication for the latter procedure (Jollis et al., 1994) .
Statistical Analysis
Mean hospital procedure volumes and costs for CABG and PCI by year and whether states maintained cardiac CON or dropped the regulations during the sample period are graphed to illustrate unadjusted differences in the data by CON status. Multivariable regressions are used to estimate the association between CON status and costs, reimbursements, and returns, adjusting for covariates. Separate regressions were estimated for CABG and PCI.
We only include data from the 7 states that dropped CON during the sample period, the 27 states that maintained CON for open-heart surgery, and the 25 states that maintained CON for PCI through 2002. In doing so, we obtain a direct comparison of trends in states that dropped cardiac CON regulations versus those that maintained CON. We compare the before-versus-after resource utilization of states that dropped CON during the sample period, to the contemporaneous experience of states that maintained CON. Changes in resource utilization in states that maintained CON serve as a control group for factors unrelated to CON that influenced outcomes in all states. The regressions also include state-level fixed effects. Therefore, the coefficient on the CON variable provides a within-state measurement of the association between dropping CON and the dependent variables of interest.
To test whether the effects of dropping CON change over time, we estimate additional regressions interacting CON with indicator variables for whether a patient was treated in a state 1 year before CON was dropped, the year CON was dropped, 1 year after, 2 years after, or 3 or more years after CON was dropped. Testing for an effect the year before CON regulations are dropped serves as a consistency check. We should find no significant association between dropping CON and resource utilization the year preceding the lifting of CON regulations. The regressions are estimated in Stata 10.0. The standard errors are adjusted to account for the clustering of patients within hospitals (Wooldridge, 2003) .
Results
After excluding 2,772 CABG and 41,014 PCI observations based on the criteria defining outliers described above, the sample contained data on 1,428,105 CABG and 1,723,783 PCI procedures. Table 1 reports mean values of the dependent and independent variables at the start of the sample (1991) and the end (2002). Figure 1 graphs both the mean procedure volume and costs for CABG and PCI for states that maintained cardiac CON regulations through 2002, and those states that dropped the regulations during the study period.
For both CABG and PCI, mean hospital volume peaks in 1996 for states that dropped cardiac CON regulations between 1995 and 1998. For both CABG and PCI, mean hospital volume in 1998 for these states falls below that for states that maintained CON and remains lower through 2002. For both CABG and PCI, mean costs fell substantially in the early 1990s. Mean costs seem to be higher in states that dropped CON for most years from 1995 onward for CABG and 1993 onward for PCI. But there are no striking patterns coinciding with the lifting of CON regulations, as was observed for trends in hospital volume. Table 2 presents estimates of the association between CON status and both costs and Medicare reimbursements. The dependent variables in the cost and reimbursement regressions are expressed in natural logs, so that the coefficients represent percent changes associated with a unit increase in the explanatory variables. Columns 1 and 2 report cost regression results excluding hospital fixed effects. Both these columns suggest that lifting CON is associated with an approximately 2% decrease in costs per patient, but the effect is not precisely estimated. However, column 3, which includes fixed effects, indicates that removing CON is associated with a 4.2% (p = .013) decline in cost per CABG. These results suggest that the fixed effects capture systematic differences in costs across hospitals that are not 
(3) measured by the other covariates, and their omission biased the estimated effect of lifting CON toward zero. This estimate changes only slightly and remains precisely estimated when hospital procedure volume for CABG is excluded from the regression in column 4. Thus, economies of scale do not appear to play an important role in explaining cost changes associated with deregulation. The estimates in column 5 suggest that the lower patient costs associated with CON removal only become tangible 2 or more years after the regulations are removed. The fixed-effect estimates in Column 8 suggest that lifting CON is also associated with an 8.4% (p < .001) decline in Medicare reimbursements per CABG patient. The estimates in Column 9 suggest that the negative association between CON removal and reimbursements begins in the year in which CON is lifted and persists 3+ years afterward. Table 3 contains regression estimates of the association between CON removal and costs for PCI procedures. We find no significant association between removing CON and patient costs in any of the specifications in columns 1 through 5. The estimates in columns 6 and 7 find no significant association between CON removal and Medicare reimbursements per patient. However, the fixed-effect estimates in Column 8 suggest that CON removal is associated with 4.3% (p < .001) lower mean Medicare reimbursements for PCI, and the negative association is precisely estimated for each individual year listed in column 9. However, the estimates in column 9 indicate that mean reimbursements were 2.5% lower (p = .007) 1 year prior to CON removal, suggesting that these effects may not be attributable solely to removal of the regulations. PCI facilities that entered the market after CON had reimbursements that were an additional 7.4% (p = .03) lower than for existing hospitals.
Specification tests indicated that log(Volume) provided a better fit for the CABG regressions, while a polynomial of Volume to the third power was more appropriate for the PCI regressions (Wooldridge, 2000) . In both cases, higher hospital volume was associated with lower costs per patient. The remaining coefficients in the regressions in Tables 1 and 2 generally behave as hypothesized. Costs for hospitals that enter states after open heart CON regulations are lifted are not significantly different from those for existing hospitals. However, postregulation entrants appear to collect lower mean Medicare reimbursements. Higher labor costs are associated with both higher costs and reimbursements per patient. Greater HMO penetration is associated with both lower costs and reimbursements per patient for CABG. Yet HMO penetration does not influence these variables for PCI. We found no association between hospital market concentration and patient costs for either CABG or PCI. When hospital market concentration was removed from the regressions, the coefficients on the CON variables remained virtually unchanged.
We estimated two alternate types of specifications of the regressions reported in Tables 1 and 2, which we do not present because of space constraints. First, we reestimated the cost and reimbursement regressions for CABG and PCI with state random effects instead of fixed effects. In each case, a Hausman specification test rejected the null hypothesis that the random effects yielded consistent coefficient estimates. Second, we considered whether the effects of lifting CON were similar across states. Among the seven states that removed CON for open heart surgery and the six states that lifted CON for cardiac catheterization, 99,276 Ohio patients received CABG, and more patients received PCI. Pennsylvania had even more of both patient types. We reestimated the fixed-effect cost and reimbursement regressions and interacted CON dropped it with one of these states. Unlike the estimates for all states combined, we could not reject the hypothesis that Ohio CABG patients experienced zero change in costs after CON regulations were lifted. However, Pennsylvania CABG patient costs were still lower after CON regulations were lifted. Pennsylvania's costs per PCI patient dropped more than other states' costs after removing CON, while Ohio's change in costs were not significantly different from zero. As was reported for all states combined, reimbursements dropped in Ohio (2.8%, p = .012), and in Pennsylvania (8.8%, p < .001). These estimates suggest that the effects of lifting CON regulations were stronger in Pennsylvania than in Ohio. We did not estimate similar regressions for the other states, because the patient numbers were much smaller. Ohio and Pennsylvania patients outnumbered those in other individual states by a factor of at least 4. Table 4 examines the association between CON regulations and both length of stay and common complications for CABG and PCI patients. Lifting CON is associated with shorter lengths of stay and fewer strokes during admission for CABG patients. In additional regressions that are not reported in Table 4 , we examined the association between CON removal and three other well-recognized CABG complications (cardiac arrest, renal failure, and atrial fibrillation). Lifting CON had no significant association with these three other complications. We also found no significant association between lifting CON for cardiac catheterization and either length of stay or the need for CABG after PCI for PCI patients.
We can combine the results of our regression analysis with other data to estimate the aggregate cost impact of removing CON regulations. We first compute the mean costs per CABG patient by year for states with CON regulations. We then calculate the estimated 4.2 % cost savings per patient implied by Table 2 . These cost savings are then multiplied by the number of patients treated in each state and year after open heart surgery CON regulations were removed. Our sample includes only patients aged 65+ years, so we adjust these numbers proportionately to account for CABG patients younger than 65 years using data by age and year reported in the Agency for Healthcare Research and Quality's online HCUPnet system (http://hcupnet.ahrq.gov/). The total cost savings are estimated to be $248.6 million in 2002 dollars. We do not have data on the number of CABG patients treated beyond 2002. But assuming that costs per CABG patient continue to be lower in states that repealed CON for open heart surgery beyond 2002, the overall cost savings of removing these regulations will be even larger.
Past research estimates that lifting open heart surgery CON regulations is associated with a 15.2% increase in the number of hospitals performing CABG (Ho et al., 2009) . During the sample period, 115 hospitals performed CABG in the years that states dropped CON for open heart surgery. A 15.2% increase in the number of hospitals performing CABG therefore implies 18 additional new facilities. The previous literature's estimates of the fixed costs for a new CABG facility range from $12 million to $14 million in year 2000 dollars. Taking a mean of $13 million, adjusting this value to 2002 dollars, and multiplying by 18 new facilities suggests that the aggregate fixed costs for building new CABG facilities is $244.5 million in 2002 dollars. The total cost savings in patient care from lifting CON regulations through 2002 are slightly larger than the fixed costs of the new facilities that enter the market after deregulation. Assuming these cost savings continued past 2002, the savings from removing CON regulation for CABG outweigh the fixed costs associated with new entry.
Discussion
We find that removal of cardiac CON regulations is associated with a reduction in mean patient costs for CABG surgery. Why might this relationship occur? A recent study of hospital discharge data in Pennsylvania concluded that CABG operations were redistributed to higher quality surgeons after CON for open heart surgery was removed in that state in 1996 (Cutler et al., 2010) . The authors suggest that the relative Our Medicare data do not contain identifiers for the surgeon operating on each patient, so we cannot directly test the hypothesis that operations were reallocated to higher quality surgeons. Another valid quality measure is the number of complications experienced during hospitalization. Past research has determined that hospitals with fewer surgical complications have lower costs (Dimick et al., 2004) . Thus, the removal of CON may have led to a larger portion of CABG operations being conducted by high-quality surgeons, which in turn lowered costs due to fewer surgical complications. Our finding that removal of CON is associated with both lower patient costs and fewer complications from a stroke during hospitalization are consistent with Cutler et al.'s findings. One might be concerned that lower costs for CABG patients after the removal of CON regulations is the result of a shift in patient case-mix toward lower risk patients. However, past research suggests that removal of CON for open heart surgery was associated with a slight increase in case-mix severity for CABG patients (Ho et al., 2009) .
For PCI, we found no association between CON removal and reduced costs or complications. PCI is a more straightforward procedure than CABG; it does not require a large surgical incision on the patient, requires shorter operative time, and has substantially lower mortality rates. Thus, the reallocation of procedures among existing and new facilities may not tangibly influence the quality of care or resources provided to each patient.
It may also be that state regulators used CON to favor certain providers over others, leading to inefficiency in the market for open heart surgery. Campbell and Fournier (1993) found that regulators in Florida were more likely to approve CON applications for the provision of services from facilities that directed a higher proportion of their revenues to indigent care. These facilities may have been more inefficient than those providers who were barred from providing open heart surgery prior to the lifting of CON. However, we did not find direct evidence that hospitals that entered the open heart surgery market after CON was removed had lower costs than other providers.
Removal of CON regulations is also associated with lower Medicare reimbursements per patient for both CABG and PCI. The lower reimbursements for CABG patients occur the year that CON for open heart surgery is dropped and continue in all years afterward. But we note with caution that lower Medicare reimbursements for PCI patients are tangible the year before CON for cardiac catheterization is dropped. Thus, there may be other (unobservable) factors that contributed to lower reimbursements for this PCI. We attempted to test for changes in the four to five most common DRGs used by hospitals for payment for CABG or PCI after CON regulations were dropped. We do not report these regressions, but we did not find any significant changes in DRG coding after CON regulations were lifted. The analysis was complicated by the fact that Medicare reclassified the DRGs involving both CABG and PCI during the sample period. The underlying reasons for lower Medicare reimbursements after the lifting of CON regulations are worthy of future study, because the cost savings to Medicare are substantial.
We find that the cost savings for direct patient care associated with removing CON regulations ($248.6 million) slightly exceed the fixed costs of new CABG facilities that entered the market after deregulation ($244.5 million). When we broke down the cost estimates by the number of years after CON removal, the cost savings for CABG patients continued 3+ years after deregulation. Thus, additional cost savings for direct patient care would likely accumulate over time. These findings, combined with previous studies suggesting that CON for open heart surgery does not improve the quality of patient care, call into doubt the value of these regulations for CABG surgery. One might argue that regulating cardiac catheterization under CON may still be justified, given that we found no savings in costs per patient associated with removing these regulations. However, one must first determine why Medicare reimbursements per patient appear to be lower for PCI patients after these regulations are removed.
Some caveats remain to our analysis. One may be concerned that removal of cardiac CON regulations is endogenous. States with policy makers who had greater confidence in the ability of managed care to control costs may have been more likely to remove CON regulations. However, Figure 1 reveals that trends in costs per patient for CABG and PCI were similar in states that maintained or removed CON regulations, although there was a slight uptick in costs for PCI patients in states that retained CON in 1995 and 1996. Moreover, HMO penetration was included as an explanatory variable in the regressions to address this concern. As mentioned previously, we cannot rule out the possibility that factors other than CON removal led to lower PCI reimbursement rates, given that these rates were significantly lower in the year prior to CON removal in our sample. However, we did not find this effect in any of our regression estimates for CABG, or for estimates of factors affecting PCI costs. We only had access to Medicare Part A claims and are therefore missing information on physician costs from the Part B files. CON regulations are aimed at hospitals and not physicians. However, it would be useful to examine in future research whether CON regulations influence physician costs.
Although data for multiple admissions for some patients are in the sample, we did not adjust the standard errors for this fact. As a robustness test, we dropped patients with multiple admissions from the sample and reestimated the regressions in Tables 2 and 3 that include the full set of explanatory variables and state fixed effects. For CABG, 2% of observations represented multiple admissions. The statistical precision of the effect of dropping CON regulations remained the same, with estimates changing only in the third decimal point. For PCI 40% of observations represented multiple admissions. Nevertheless, the effects of dropping CON were the same as for the full sample-no effect of removing CON on costs but a significant reduction in reimbursements (changing only in the third decimal place). We also estimated a linear probability model with the same explanatory variables and state fixed effects to test whether the probability of multiple admissions for PCI changed after CON regulations were dropped, but we found no effect.
Given that CON regulations are almost 50 years old, it may be surprising that the literature has discovered several new findings regarding the impact of these regulations on patient outcomes and costs in just the past few years. Some of the recent progress is attributable to advances in computing power, which have enabled the Center for Medicare and Medicaid Services to make the entirety of their claims data more accessible to researchers. Increased computing power has also improved the sophistication of the analyses that can be applied to these data. Nevertheless, the recent findings that CON may not improve the quality of cardiac care, and that the regulations influence the cost of patient care in ways that were not predicted, should be a lesson to policy makers as they consider other major changes to the delivery of health care in the future.
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